P53 allelic polymorphism at codon 72 has been studied as a possible predisposing factor for cervical carcinogenesis with inconsistent results. Storey and colleagues recently published the interesting finding of a 7-fold increased risk for cervical cancer in women homozygous for the arginine allele at codon 72. This stimulated a number of independent investigations, the majority of which found no association of cervical cancer and arginine homozygosity.
Human papillomaviruses (HPVs) are epitheliotropic double-stranded DNA viruses that have been implicated in cervical carcinogenesis. More than 100 HPV genotypes have been identified. Traditionally, HPV genotypes, which are frequently identified in cervical neoplasms, have been segregated into those with a low risk and those with a high risk for malignant transformation. HPV types 6 and 11 are the prototypes of low-risk viruses that are most frequently found in low-grade squamous intraepithelial lesions (LSIL) and condylomata. HPV 16, 18, 31 , and 45 account for approximately 80% of invasive cervical carcinomas, and the HPV 16 -related group is overrepresented in high-grade squamous intraepithelial lesions (HSIL) and squamous cancers compared with the HPV 18 -related viruses. The expression of HPV mRNA and proteins provides a coherent model for cervical carcinogenesis (1) (2) (3) .
Within the HPV genomes, the E6 and E7 genes are the driving forces behind epithelial proliferation and transformation. These transcribed genes are conserved and expressed within all HPV-infected pathologies. In many high-risk cervical dysplasias and invasive carcinomas, the E6 and E7 proteins are restrictively transcribed from the HPV genome integrated into the host DNA (4 -6) . The link between oncogenesis and the transforming properties of HPV infection was identified by the interaction between these proteins and host cellular tumor suppressor gene products. Specifically, E7 competitively binds to the retinoblastoma cellular tumor suppressor gene product (pRB), thereby increasing transcription of cell cycle proteins through release of the E2F transcription factor bound to pRB (7) . The E7 protein of low-risk HPVs has a lower affinity for pRB and is less effective in this transactivation than the E7 derived from high-risk HPVs.
In addition to the transforming properties of E7, E6 binds to the wild type form of the p53 tumor suppressor gene product resulting in a ubiquitindependent proteolysis and degradation of p53. Resultant loss of wild type p53 increases cellular genomic instability after DNA damage. Somatic and germ line mutations of p53 have been identified in a wide variety of human carcinomas (8) . However, in cervical cancers, this mutation is rarely detected (9 -11) . Thus, one concludes that E6-mediated p53 degradation as seen in cervical carcinoma results in the same oncogenetic effects as that seen with a p53 knockout mutation.
At least 10 p53 polymorphisms have been described in both coding and noncoding regions of the gene (12) . A few polymorphic sites-in particular, one at codon 72 of exon 4 -have been studied extensively in regard to increased risk for cancer development. The codon 72 position has either an arginine (CGC) or proline (CCC) allele that seems to be functionally equivalent (13) . Ethnic differences in these allelic frequencies exist as well (14) . In the U.S. population, the proline allele is identified more commonly in African Americans (61%) than in Caucasians (34%) (13) (14) (15) .
Polymorphisms at codon 72 have been studied in smoking-and non-smoking-related lung carcinomas with inconsistent findings. In some studies, patients with smoking-induced lung adenocarcinoma had a higher proline allele frequency. In contrast, in Japanese patients with lung carcinoma, proline homozygosity was not increased with any histologic type of lung cancer, but higher arginine homozygosity was seen in cancers that were not smoking related (16 -20) . It has been proposed that the codon 72 haplotype may represent a marker for linkage disequilibrium with a chromosome 17p gene that carries increased cancer development risk (12, 21) .
In HPV-infected cervical carcinomas, Storey and colleagues found women homozygous for arginine at p53 codon 72 to be approximately seven times more likely to develop cancer than those who were heterozygous or homozygous for the proline allele (22) . With the use of cell lines with transfected p53 and E6 expressing plasmids, E6-mediated degradation of p53 carrying the arginine allele was more effective than the degradation of the proline form of p53, regardless of whether the infection was with high-versus low-risk HPV types. This study was exciting in that it presented a logical argument that might explain neoplastic progression of HPVassociated tumors based, in part, on p53 phenotype.
However, there have been criticisms of Storey's study, including the lack of Hardy-Weinberg equilibrium in the control group, lack of ethnic homogeneity within the control group, a small sample size, and the quality of the DNA used for polymerase chain reaction (PCR) analysis. Interlaboratory variation in ascertaining p53 genotypes may lead to an underestimation or inability to detect an association. A number of independent studies since Storey's original findings have found no increased risk associated with arginine homozygosity (23) (24) (25) (26) (27) (28) (29) (30) (Table 1) . Studies involving European population samples (Norway, United Kingdom, Netherlands, Sweden, Germany, and France) of cervical carcinomas and/or squamous intraepithelial lesions (SILs) in Hardy-Weinberg equilibrium do not confirm Storey's findings, regardless of HPV status. Both leukocyte DNA and/or DNA extracted from tissues were used with similar results. In fact, in one study that used samples from Costa Rica, the Eastern United States, and Oregon, a decreased risk for cervical cancer was associated with p53 arginine homozygosity (25) . In this study, we further investigate the linkage of p53 arginine homozygosity in the spectrum of cervical neoplasia using a variation of Storey's method, as well as a restriction fragment length polymorphism (RFLP)-based method applied to DNA extracted from paraffin sections under microscopic control.
MATERIALS AND METHODS
Paraffin blocks of cervical pathologies were derived from the archives of the Department of Pathology at the University of Virginia Health Sciences Center. In addition, some cases were derived from studies reported previously in a survey of HPV typing of cervical lesions (2) . Paraffin sections were serially cut with the final sections stained with hematoxylin and eosin to morphologically control the presence of lesion tissue within each block. In the vast majority of cases, the samples were derived from conization specimens, thereby ensuring that the diagnosis was accurate compared with studies that used colposcopic biopsies as a standard. Samples included 123 LSILs, 148 HSILs, 102 invasive cervical squamous carcinomas including 78 large cell nonkeratinizing and 24 keratinizing types. In addition, 32 cases of adenocarcinoma in situ (ACIS) and 28 invasive adenocarcinomas of various grades and 3 small cell neuroendocrine cancers were studied, for a total of 431 evaluable cases. A case was defined as evaluable if lesion tissue was still available for microdissection and if the tissue was found to be amplifiable based on control PCR amplification as previously described (31) . Controls included adequate amplification for ␤-globin and coincidentally processed HPV containing cancer cell lines known to be homozygous or heterozygous at this locus, as well as numerous negative controls. The method of Storey et al. was adapted as follows: The exact primer sets used for codon 72 differential amplification as described in that article were used (22) . Amplification cycling conditions were optimized to include activation of the AmpliTaq Gold polymerase (Perkin-Elmer, Norwalk, CT) at 94°C for 13 min followed by 50 cycles of 30 seconds each at 94°C, 58°C, and 72°C, respectively. At the end of the 50 cycles, there was a 10-min extension time at 72°C. The proline and arginine primer sets were found to amplify optimally with a final magnesium concentration of 1.5 mM. For ␤-globin amplification, a magnesium concentration of 3.5 mM was used. Furthermore, formamide was added to a final concentration of 1% to optimize further the amplification in all three reactions. The proline and arginine primers were used at a final dilution of 100 nM, and ␤-globin primers were used at 40 nM. After amplification (20%) of the 50 l reaction was run on an agarose gel and the fractionated products were
RFLPs for codon 72 of p53 were also analyzed using the method of Klaes et al. (27) . This was applied to all samples from the study, which were adequate for amplification but were negative for the proline allele by the Storey method. Primers as described in Klaes et al. that generated a 182-base pair fragment containing the polymorphic p53 codon 72 were used in a 50-cycle PCR. This was optimized with 2 mM MgCl 2 , 67 nM primer concentrations, 1% formamide with a 62°C annealing temperature, all other parameters being identical to the previously described PCR. Twenty percent of the amplified product was subjected to restriction enzyme digestion with BstU1 endonuclease at 60°C for 18 h. The resulting fragments were visualized on 3% agarose gels and stained with 10 g/mL ethidium bromide. The RFLP patterns as described in Klaes et al. are as follows: Homozygous proline DNA generates a single 182-base pair undigested fragment; a homozygous arginine allele generates 133-base pair and 49-base pair fragments. Heterozygotes generate mixtures of all three bands. To cross-check these results, any questionable or discrepant cases were subjected to additional testing using the restriction endonuclease BsaJ1, also as described in Klaes et al. Comparisons in the allelic frequencies of the p53 polymorphisms at codon 72 as determined by the Storey method versus the Klaes method were carried out using Bowker's test for correlated proportions (32) . The risk for cancer attributable to arginine homozygosity by each allelic classification method was assessed using logistic regression analysis.
2 tests of contingency tables were used to assess differences in allelic proportions between the diagnostic classes within a single allelic classification method. The SAS System for Windows, version 6.11 (SAS Institute, Cary, NC) was used throughout for these statistical analyses. Table 2 . Of these 431 cases, 29 had indeterminate results with the use of the modified Storey method alone. This was most often the result of failure of amplification of both p53 alleles or a weak/indeterminate ␤-globin band on the gels. In contrast, when these indeterminate cases were further analyzed using the RFLP method, only eight cases were found to be uninterpretable. Thus, 423 of 431 cases could be assigned a final p53 phenotype using DNA extracted from the paraffin sections that had their morphologic content confirmed. Of these 423 cases, the frequency of arginine homozygosity ranged from 43.8 to 46.1%. All diagnostic subgroups were found to be in Hardy-Weinberg equilibrium.
RESULTS

Results of the above analyses are tabulated in
2 analysis failed to reveal any statistically significant difference among the allelic proportions in each diagnostic class. Subgroup analyses of subtypes of invasive carcinoma, as well as grouping all preinvasive high-grade lesions versus invasive cancers, also failed to reveal any significant difference.
In contrast, there was a highly statistically significant difference in allelic frequencies when the modified Storey method was compared with the final phenotype using RFLP confirmation. With the Storey method alone, the frequency of arginine homozygosity ranged from 55.7% in low-grade lesions to 67% for invasive carcinomas. This trend suggesting a correlation between invasive disease and arginine homozygosity, which is similar to that reported by Storey et al., failed to reach statistical significance. Analysis of the primary data raised a concern that the amplifiability of the two amplicons generated in this method was not equivalent, despite optimization of protocols. Most frequently, this was represented as a weaker proline band compared with the arginine band seen on the gels (Fig.  1 ). This could not be explained by loss of heterozygosity given the large amount of control normal tissue present in virtually all specimens. Hence, we chose to verify all apparent arginine homozygotes using the RFLP method, as well as an appropriate number of randomly selected control cases. When results were compared and a final p53 phenotype was assigned, the apparent trends among the cases disappeared (Fig. 2) . With the use of logistic regression analysis and grouping cases into cancer versus noncancer, the odds ratio based on the final phenotype was 1.00 for the development of cancer, clearly not statistically significant (P ϭ .9952). However, with the use of the modified Storey method alone and similarly grouping the cases, the odds ratio was 1.42 with a P value of 0.134, suggesting a trend but still not statistically significant. In the analysis of proportions, all of the transitions were in the same direction for all group and subgroup analyses. Transitions were always from apparent arginine homozygosity to final phenotype of heterozygosity with the overall P value for the comparison between the two methods of 0.001 (Bowker's test). Thus, the statistical analysis supports a seeming methodologic difference. These findings help explain the variable reports in the literature and strongly suggest that inadequate sample size determination and differing methodologies explain the variability in results.
DISCUSSION
Alterations of p53, either through genetic mutation or allelic loss, have been described as the most common genetic changes in human cancers, including those of mammary, pulmonary, and colonic origin (33) . In HPV-associated neoplasms, these genetic alterations are usually absent but functionally present because of E6-mediated degradation of p53. Recent literature has considered p53 allelic polymorphisms to be possible predisposing factors for tumor development. These changes in conjunction with certain environmental exposures (e.g., smoking, lung cancer) may increase the risk for cancer development in people with susceptible genotypes. However, these studies have been inconsistent, most likely because of a number of factors, including racial frequency differences between cases and controls, varied population bases, and lack of Hardy-Weinberg equilibrium in some examined cases (15) (16) (17) (18) (19) (20) . In our opinion, these variables and others account for the discrepant results between independent studies examining the polymorphism of p53 at codon 72 and carcinogenesis. Storey and colleagues reported a tantalizing 7-fold increased risk for cervical carcinoma associated with p53 arginine homozygosity at codon 72 (22) . The cell line data described in that study provided a molecular rationale to support this clinical observation. However, this study has been criticized, primarily because of its small sample size, consisting of 41 controls and 30 cancers. For example, Rosenthal et al., using Storey's method, analyzed a UK population of 246 controls and 50 cervical cancers with DNA extracted from blood (control) and archival tissue (cancer) and found no difference in polymorphism frequency (30) . Other criticisms have included uncertain ethnicity of the cases with a lack of Hardy-Weinberg equilibrium in the control group. Storey and colleagues' arginine homozygosity frequency in the control group is lower (37%) than the frequency reported in other European studies of 57 or 63% (27, 30) . However, it is similar to that of Minaguchi et al. ' s Japanese study that did not find a correlation between arginine homozygosity and cancer (29) . Furthermore, the tissue used for DNA extraction differs between cancer and control groups (frozen tissue for cancer versus whole blood leukocyte DNA for controls). Whether any difference in DNA quality between these two preparation methods affected results using Storey's PCR methodology has also been questioned (26) .
Stimulated by Storey's provocative results, multiple studies, as listed in Table 1 have found no increased risk for cervical cancer associated with arginine homozygosity. Most of these studies used a larger number of cases with better-defined ethnic population bases and meet Hardy-Weinberg equilibrium criteria. The exact methodology and DNA quality/source, however, varied quite a bit among the different studies. For example, Klaes et al. (27) analyzed a German population of 87 confirmed cervical cancers and 151 controls using punch biopsies or cervical cytobrush samples for DNA retrieval. This extracted DNA was amplified using a different exon 4 primer set than that used by Storey, and the resulting fragment was analyzed by RFLP using endonucleases BstU1 and BsaJ1. In our study, we used this same PCR/RFLP method as an alternative to our modified Storey method for all indeterminate cases and for confirmation of all arginine homozygotes. With the use of the modified Storey method alone, identified in that group was a trend toward arginine homozygosity that was not statistically significant. However, complimentary analysis confirmed this trend to be secondary to the relative weaker amplifiability of the proline amplicon used in the Storey method. By using an independent confirmation method, we were able to obtain an accurate phenotype of heterozygosity in many misclassified cases, and the trend disappeared. In comparison to most of the studies in Table 1 , our study encompasses a broader range of histologically confirmed pathologies, including 165 carcinomas representing all of the most common histologic subtypes, 32 cases of ACIS, 143 HSILs, and 123 LSILs. The current study is the only report that has used two methods to investigate the codon 72 allelotype. Our study, as well as others that have incorporated various grades of preinvasive neoplasia, found no risk for progression associated with arginine homozygosity in any of these subgroups. In conclusion, with the use of a reasonably defined population base (mostly eastern United States, primarily Caucasian women), a much larger number of cases with all subgroups fitting HardyWeinberg equilibrium, uniformity of DNA quality/ source across all groups (formalin fixed conization specimens), and two separate methods for determination and confirmation of p53 allelotype, there is no increased cancer risk associated with arginine homozygosity. A trend toward arginine homozygosity was identified on the basis of the Storey method alone. However, our study demonstrates that with the use of an alternative method, this trend toward arginine homozygosity disappears and that this is most likely secondary to differential amplifiability of the primer sets used by Storey and colleagues. Clearly, both sample size and molecular methodologic variables account for many of the differences in the published literature on this topic.
